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STABLE MICHOBUBBLES SUSPEMSIOMS IMJECTABLE MTO 
LIVING 0R6AHISMS 

The present Invention concerns .edia adapted for injection 
into living bodies, e.g. for the purpose of ultrasonic echo- 
graphy and. »ore particularly, injectable liquid compositions 
comprising microbubbles of air or physiologically acceptable 
gases as stable dispersions or suspensions in an agueous liquid 
carrier. These compositions are mostly usable as contrast agents 
m ultrasonic echography to image the inside of blood-stream 
vessels and other cavities of living beings, e.g. human patients 
end animals. Other uses however are also contemplated as 
disclosed hereafter. 

The invention also comprises dry compositions vhlch. upon 
admixing vith an aqueous carrier liquid, vili generate the 
foregoing sterile i5uspension of microbubbles thereafter usable 
as contrast agent, for ultrasonic echography and other purposes. 

It IS veil known that mlcrobodles like microspheres or 
-icroglobules of air or a gas. e.g. microbubbles or micro- 
balloons, suspended in a liquid are exceptionally efficient 
Ultrasound reflectors for echography. I„ this disclosure the 
term of -mlcrobubble- specifically designates air or gas glo- 
bules in suspension m a liquid vhlch generally results from the 
introduction therein of air or. a gas m divided form, the liquid 
preferably also containing surfactants or tenaldes to control 
the surface properties thereof and the stability of the bubbles. 
More specifically, one may consider that the internal volume of 
the microbubbles is limited by the gas/iiquld Interface, or m 
other vords. the microbubbles are only bounded by a rather 
evanescent envelope Involving the molecules of the liquid and 
surfactant loosely bound at the gas to liquid Junction boundary. 

in contrast, the term of -microcapsule- or -microballoon- 
deslgnates preferably air or gas bodies vlth a material boundary 
or envelope formed of molecules other than that of the liquid of 
suspension, e.g. a poiy.er membrane vail. Both microbubbles and 
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..crob.uoo„,. .re „„,„, „ u,tr.«n.c contrast ,ge„„ f„ 

o O.S to 10 p., .„ . crri.r ,l,„.o .Ul .tronj.y r.ln.orc. 

o, .„tern.l org.n,. i..,.,, 

.trong.y n.ip ..o.c. 0,.,„oM,. ,or 

detection of c.rdlov.acul.r and other dlaeaaea. 

The ,or.atlon of auspenalon, of .Icrobobblea .„ .„ joject- 
•M. li,uld carrier au.tabi, for echography can fouov va o , 
rontea. Por inatanc. .„ .E-*- 35«1„ ,Ha,-P,anc. Oese, " 

in .Men an a,„,ou, ..„.,!,».<, .,,,„re conta.nln, a .ater 

: n " " '""^ -nd 

orth. together ..th a „.n a.ount of air. fro. one ayrince 
into another through a opening. Here. ..ch.nlc.l force, 

•re reapona.hle for the for..tloh of huhb.ea ,n the .i,„„ 

H.». Keller et .1. (j. uitraaouhd Med. s („86,. 439-e, 
have reported auhject.ng to ultr.aonlc cavitation under at.o,! 
Pherlc preaaure aolutlon, contemn, high : concentration, o, 
aolute, ,„ch a, dextro... Senograf l„-,6, lopa.iool ,an x-ray 
contraat agent., an. the l«e. There the air l. «rl.,n into the 
eolation By the energy of cavitation. 

other technl,„e, rely on the ah.ling of a carrier u,uld in 
»hlch air containing ..cropartlcle, h... oeen Incorporated, eala 
carrier llgui. u.u.l.y containing, a, et.hni„r,. vlacoalty en- 
hancing agent,, e.g. .ater .oluhle polypeptide, or carhohydrate, 
•hd/or aurfactant,. It l, effectively ed.ltted that the ,t.h. " 
ty Of the .icrohohhle, ag.inat decay or eacape to the at.oapher. 

la controlled hy the vl.c.lty and aurf.ce propert.., of the 
c rr e, ^^ ^^^ - 

ur cr:d'"n"° " '""-"^"""n' entrapped g .el. 

,ur,.c. .d oroed gaa. or ga, produced hy reaction. ..th the car- 
rier uguid, „,„.iiy .,„.„„. de,crlh.d for 
.n,ta„ce in S3.S75 ,„.t„ H.d. Inc., in .h.ch there are 
".d aggregate, of 1 - so ™ particle, of carhohydr.te, ,e g 
9.1.cto,e, .altoae. aorhltol. gluconic ..id. ,ucro.e. gluco'e 
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and the like) in aqueous solutions of glycols or polygiycols or 
other water soluble polymers. 

Also. in EP-A- 123.235 and 122.624 (Scherlng. see also 
EP-A- 320.433) use IS .ade of air trapped in solids. For 
instance. 122.624 cl.i.s a liquid carrier contrast composition 
for ultrasonic echography containing micropartlcles of a solid 
surfactant, the latter being optionally combined vith micro- 
particles of a non-surfactant. As explained in this document 
the formation of air bubbles in the solution results from the 
release of the air adsorbed on the surface of the particles or 
trapped vlthln the particle lattice, or caught between indivi- 
dual particles, this being so when the particles are agitated 
with the liquid carrier. 

BP-A- 131.540 (Scherlng) also discloses the preparation of 
-icrobubbles suspensions in -which a stabilized injectable 
carrier liquid, e.g. a physiological aqueous solution of salt 
or a solution of a sugar like maltose, dextrose. lactose or 
galactose, without viscosity enhancer, is mixed with mlcro- 
particles (in the 0.1 to 1 m» range) of the same Sugars con- 
taming, entrapped air. In order thit' the suspension of bubbles 
can develop within the liquid carrier, the foregoing documents 
recommend that both liquid and solid components be violently 
agitated together under sterile conditions; the agitation of 
both components together is performed for a few seconds and 
once made, the suspension must then be used immediately, i.e. it 
Should be injected within .5- 10 minutes for eihographic 
measurements; this indicates that the bubblisin the suspensions 
are not longlived and one practical problem with the use of 
mlcrobubbles suspensions for injection is lack of stability with 
time. The present invention fully remedies this drawback. 

In US-A- 4.466.442 (Scherlng). there is disclosed a series 
Of different techniques for producing suspensions of gas micro- 
bubbles in a liquid carrier using (a) a solution of a tenside 
(surfactant) in a carrier liquid (aqueous) and (b) a solution of 
a viscosity enhancer as stabiliEer. For generating the bubbles 
the techniques used there include forcing at high velocity a 
mixture of (a). (b) and air through a small aperture; or 
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injecting (a) mto (bj shortly befnn- 

catenate .o.. co.pon.„t. .e.„,' « . 

<a? .IT - ' •'•'-P""aru.d ,„ to a 
U. and 

Til. t,nM(l« u..d ,„ co.p.„„t ,., Of OS-A- 4 

"rMtoI. ,„cola ,,,„ro:. cnczest.rol, po,,„': „ 

(gl-coaa. lactose, aucro.e, o.xtran, aorbltol): polyou . . 
9.yc.ro:. pol„:ycoIa,. .« po.yp.pt..., p.ot.L .M.tin 

oxypoly5.l.tl„. pi.,., p„„.„ „^ ^^^^ 

I" . typical pr.,.rr.o .x..pi. „ tl,l. aoea..»t. .,ui..i,„, 
o ''°'''"''-">'>"«"'-»"^«V.t«y..„. poly..,, 

»1I °"' H " • »' "c o! 

^u«,« r.a.y ,or ua. aa .„ „,tr«o„lc contrast ag.nt and l„t- 

:::or.r;:: ^ - »" • 

Although t». acM.....„t, o« t». prior art ..nt th.y 

c ua. 0, ooctor. a„ ^o.pltaU. „a..ly t«.,r r.l.tl..,y 

vith t... - tubbl../., .„a tl.. count «.cr.a..a rapidly 

't la ad.l L • " "".cult,. *i,. 

. l"t nHrt » "'""""^ """S "rtaln organs. ..g. 

rang. . „ " tL 

risita o» clots and cons.cutlv. e.boly. 

F.rtn.r.,r.. tn. co.p„i,ory pr.a.nc. o, .olid ..cropartl- 
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cles or high concentrations of electrolytes and other relatively 
inert solutes in the carrier liquid «ay be undesirable physio- 
logically in some cases. Finally, the suspensions are totally 
unstable under storage and cannot be .arketed as such; hence 
great skill is required to prepare the nicrobubbles at the right 
oooent just before use. 

Of course there exists stable suspensions of microcapsules 
i.e. microballoons vith a solid, air-sealed rigid polymeric 
membrane vhlch perfectly resist for long storage periods in 
suspension, vhlch have been developed to remedy this shortcoming 
(see for instance K.J. Widder. EP-A- 324.938); however the 
properties of microcapsules in which a g«3 is entrapped inside 
solid membrane vesicles essentially differ from that of the gas 
microbubbles of the present invention and belong to a different 
kind Of art; for instance while the gas microbubbles discussed 
here win simply escape or dissolve in the blood-stream when the 
stabilizers in the carrier liquid are excreted or metabolized 
the solid polymer material forming the walls of the aforemen- 
tioned micro-balloons must eventually be disposed of by the 
organism being tested which, may impose a serious af terburden 
upon it. Also capsules with solid, non-elastic membrane may 
break irreversibly under variations of pressure. 

The composition of the present invention, as defined in 
claim 1. fully remedies the aforementioned pitfalls. 

The term -lamellar form" defining the condition of at least 
a portion of the surfactant or surfactants of the present compo- 
sition indicates that the' surfactants, in strong contrast with 
the microparticles of .the prior art (for instance EP-A- 
123.235). are in the form Of thin fiiBs involving one or more 
molecular layers (in laminate form). Converting fil» forming 
surfactants into lamellar form can easily be done for instance 
by high pressure homogenlzation or by sonlcation under acous- 
tical or ultrasonic frequencies. In this connection, it should 
be pointed out that the existence of liposomes is a well known 
and useful illustration of cases in which surfactants, more 
particularly lipids, are in lamellar form. 

Liposome solutions' are aqueous suspensions of microscopic 
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ijo. 2 e May 1982). Hany surfactants or tensid«« « , 

x.p.-.. p.».c„..„y p„o.p.onp«.. c.» :: : „„ : "":: 

correspond to thl, l,„a o» .tructur. I„ tM. , 

l.er.e,t.r. tM, doe, .„ „o «, preclude e«e „„ " 

It IS l.portent to note tx.t no con.u.ion .hoald b. ...» 
"t-een t.e pre.enc invention end t». dlecxoeure 0, »yJ 

e«::''"' " "-or MUed 1 " ."o; 

ec«05r.p»y. ,n tni, .et^od ,y.n .nc.p,„,.te. .ir or . ,„ ..tn^n 
Upoeoeic v.siclee, in e.bodl..nt. ot th. ' 
.icronubbie. or .ir or . oe. Ir. , Invention 

.PP.re„tly et.Plii„ tne .Icroblie,. L: :.." ,.".™ 
n..d. ne upoeooe,. ..ic. .e.n, t-.t .ltl,ln t.e bound, o t . 
presently u«d ter.lnol.<,y. „r ,iiied l.poeo.., o" ,1 
"long to the «.„ o, .icrobelloone .„d not to th.t o, tn. 
.icrofubeie. Of th. present invention, . " " 

.cJ/,"""""- '"P"'""- or .icrobuPMes 

•ccordlnj to the Invention, one .ey et.rt vith i,™ """"^ 

, ^ atarc vlth liposomes suspen- 

• ions or lolutlonj prepared by anv t.et.-... 

prior art .i.h I . " tecnnl,ua reported in the 

P lor art. tne ob.lou, difference that in the present case 

th!„ th , ' "y 'orel,„ ..terlal other 

Class. ll '"" o'-P— Oh " 1. noreally the ob.ect of 
pri," t "» "P<.»o.e, Of the 

.1. 1. to tTo °" """" """" " 

9" IS introduced int. the l.po.o.. solution so that a 
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suspension of. -icrobubbles vlll form, said suspension beina 
stabilized by the presence of the surfactants in lamellar form 
Notvithstandlng. the material making the liposome walls can be 
-odified within the scope of the present invention, for instance 
by covalently grafting thereon foreign molecules designed for 
specific purposes as vlll be explained later. 

The preparation of liposome solutions has been abundantly 
discussed in many publications, e.g. us-A- 4.224.179 and WO-A- 
88/09165 and all citations mentioned therein. This prior art is 
used here as reference for exemplifying the various methods 
suitable for converting film forming tensldes into lamellar 
form. Another basic reference by m.c. Woodle and o 
Papahadjopoulos is found m -Methods m Enzymology- I2i (1989)! 

For instance, in a metnod disclosed in D.A. Tyrrell et al 
Biochimica 4 Blophyslca Acta iS7 (1976). 259-302. a mixture of a 
lipid and an aqueous liquid carrier Is subjected to violent 
agitation and thereafter sonicated at acoustic or ultrasonic 
frequencies at room or elevated temperature. In the present in- 
vention. It has been found that sonlcatlon without agitation is 
convenient. Also, en apparatus for making liposomes.' a high 
pressure homogenizer such as the Mlcrof luldlser^ . which can be 
purchased from Mlcrof luldlcs Corp.. Newton. MA 02164 USA. can be 
used advantageously. Large volumes of liposome solutions can be 

prepared with this apparatus under pressures which can reach 
600-1200 bar. 

In another method, according to the teaching of gb-a- 
2.134.869 (Squibb), mlcropartlcles (10 u» or less) 6t a hydro- 
soluble carrier solid (HaCl. sucrose, lactose and other carbo- 
hydrates) are coated with an amphlpatlc agent; the dissolution 
Of the coated carrier in an aqueous phase wlli yield llposomlc 
vesicles. In GB-A- 2.135.647 Insoluble particles, e.g. glass or 
resin microbeads are coated by moistening in a solution of a 
lipid in an organic solvent followed by removal of the solvent 
by evaporation. The lipid coated microbeads are thereafter 
contacted with an aqueous carrier phase, whereby iiposomic 
vesicles vlll form In that carrier phase. 
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The introduction o, air or gas into a lipoao.e solution m 
order to for- therein a suspension of .icrobubbles can be ef- 
fected by usual .eans. inter alia by injection, that is. for- 
clng said air or gas through tiny orifices into the iiposo.e 
solution, or si.piy dissolving the gas in the solution by apply- 
ing • pressure and thereafter suddenly releasing the pressure 
Another way is to agitate or sonicate the Uposo.e solution in 
the presence of air. or an entrappable gas. Also one can generate 
the formation of a gas vlthln the solution of llposo«es itself 
for instance by a. gas releasing che.lcal reaction, e.g. decom- 
posing a dissolved carbonate or bicarbonate by acid. The same 
effect can be obtained by dissolving under pressure a low boil- 
ing iiguld. for instance butane, m the aqueous phase and 
thereafter allowing said llguld to boll by suddenly releasing 
the pressure. ^ 

notwithstanding, an advantageous method is to contact the 
dry surfactant m lamellar or thin film for. with air or an ad- 

ZTT .V ^"^'••^^•"^ 5" ihtroducing said surfactant 

into the llguld carrier phase, m this regard, the method can be 
derived fro. the technique disclosed in CB-A-a . 135. 647 i e 
solid mlcropartlcles or beads are dipped in a solution of 'a fWm 
forming surfactant (or mixture of surfactants) in a volatile 
solvent, after which the solvent Is evaporated and the beads are 
left in contact with air (or an adsorbable gas, for a time suf- 
ficient for that air to beco.e superficially bound to the sur- 
factant layer. Thereafter, the beads coated with air filled sur- 
factant are put into a carrier liquid, usually water :with or 
without additives, whereby air bubbles win develop within the 
liquid by gentle mixing, violent agitation being entirely un- 

Dy filtration, fro. the .icrobubble suspension which is remark- 
ably stable with time. 

Needless to say that, instead of insoluble beads or 
spheres, one may use as supporting particles water soluble mate- 
rials lite that disclosed in GB-A- 2.134.869 (carbohydrates or 
hydrophllic polymers,. Whereby said supporting particles will 
eventually dissolve and final separation of a solid becomes un- 
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necessary. Furthermore in this case, the .aterlal of the parti- 
cles can be selected to eventually act as stablli2er or viscosi- 
ty enhancer vnerever desired. 

in a variant of the method, one .ay also start vith 
dehydrated llposo.es. i.e. liposo.es vhlch have been prepared 
nor«ally by .eans of conventional techniques in the for. of 
aqueous solutions and thereafter dehydrated by usual .eans e g 
such as disclosed in US-A- 4.229.360 also Incorporated herein as 
reference. One of the .ethods for dehydrating llposo.es reco.- 
-ended in this reference is f reeee-drying riyophili^atlon) . i.e. 
the liposome solution is frozen and dried by evaporation (subU- 
«atlon) under reduced pressure. Prior to effecting freeze- 
drylng. a hydrophlllc stablliEer co.pound is dissolved in the 
solution, for instance a carbohydrate like lactose or sucrose or 
- hydrophlllc poly.er like dextran. starch, pvp. pva and the 
liKe. This IS useful in the present invention since such hydro- 
phlllc ccpounds also aid in ho.ogenlzing the .icrobubbles slEe 
distribution and enhance stability under storage. Actually .ak- 
ing very dilute aqueous solutions (0. I - lox by weight) of 
freeee-drled liposo.es stabilized with, for instance, a 5:1 to 
10:1 veight ratio of lactose to lipid enables to produce aqueous 
mlcrobubbles suspensions counting lo^ - .icrobubbles/.i 
(siee distribution .alnly 0.5 - lo which are stable for at 
least a .onth (and probably .uch longer) without significant 
Observable change. And this is obtained by sl.pie dissolution of 
the air-stored dried liposo.es without shaking or any violent 
agitation. Further.ore. • the f reeze-drying technique under 
reduced pressure, is. very useful because it per.lts. after 
drying, to restore the- pressure above the dried llposo.es with 
any entrappable gas. i.e. nitrogen, co^. argon, .ethane, freon 
etc.. Whereby after dissolution of the iiposo.es processed under 
such conditions suspensions of .icrobubbles containing the above 
gases are obtained. 

Mlcrobubbles suspensions for.ed by applying gas pressure on 
a dilute solution of la.inated lipids in water (O.l - lo* by 
weight) and thereafter suddenly releasing the pressure have an 
even higher bubble concentration, e.g. i„ the order of lo" - 
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- " ~ «"m.,.»o„ 

«e te„Mdes or 3«r,act.n» .h.cl, .„ convenient ,„ t„., 
invent.™ c.„ »e sel.cte. ,rc. eu e.pMpetlc co.ponn,, c.p.o 
o, or..„5 ,t.b.. ,n., .n t«e pr.eenc. o, ..ter .n. Z 
preferred eur,.ct.nt, .n.ch c.n be l.«„.r,.ed include "e 
lecltnine .pnoep^.tldxl-cnol.ne, end otn.r pho.pnoUpid .„ 
. 1. pno,pn.t.dic .cid ,P.,. pno.pn.t.dyi-.no,ito. pLpn.t d - 

Slycerol ,P0,. cerd.ollpln ,CL,, epMngo.yel.ne. t»e pl„.o,en, 
t»e cerenroMdee, etc. B...plee o, Up.d' .re 

P Cpnoup.d. .„ ,ener.l. ,„r e«.ple. n.tnr.l l.cltnine. ,Z 
" ..,9 lecltnin or ,o,. been lecltb.n. or eynth.tlc lec.tn.n, 
eacn „t„r.t.« ,y„tnetXc lec.tM.,. ,or .x..p.e. dl.yrl, I, 
pno,pn.t.dyl cnollne. dlpeleitoy. p.o.pb.tldyl c.oMne o 

Z'ZZ ""r'"""" " .""tur.ted ,,„tnetlc 

lecithin,, "cn dio.ey. pnoepnetldyl. cnolln. or du.nol.yl 
Pho,pb«ldyl cnoune, ..tn lec.tnin or eoy. been lecltnl 
tee. beT cb.l.e.erol end otn.r .ub.t.nc 

eee b.lo., c.n be .dded to one or .ore o, tne foregoln, lipid, 
in proportion, r.nglng fro. lero to 50« by welgnt 

u..d T\ """"" ••>' "rt.ctenc. th.t c.n be 

u..d in .d.ixture .itb the ,11. ,or.l„, .„r,.ct.,t. .„d .o.t o, 
vMcn .re recited In .be prior, .rt.dl.cae.ed in the introdcctlon 
o, thl. .pecictlon. For in.t.nce. on. ..y cite ,re. ..tty 
.= eeter. o, ,.tty .eld* ,ith polyoxy.Hyi.n. co.poand. 
poyo.ypropy.ene glycol .„, polyo.yethy.ene glycol , ether, I' 
'.»y .icohol. ..th polyoxy.nyien. gjycole, e.ter. o, ,.tty 
•cld, .1th po,yo,y.„yi.t.d ,„rblt.„, ,o.p.; g.ycerol-poly.l- 
.ylene .te.r.t.: glycerol-polyoxyethylen, r.clnole.te: ho.o- end 
C or Polyethoxyl.ted eoy.-oll .„d 

c..tor on ., .el. hydrog.„.t.d derlv.tlve.; ether. .„d 
e.ter, of ,„cro,e or other c.rbohydr.te. ,lth ,.tty .cld, (.tty 

MdlyclMd"" P"yo,y..yuted, .on... end 

triglycr.de, ,.t„r.ted or une.tur.ted f.tty .cld., glyc- 
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rides Of soya-Oil and sucrose. The a»ou„t of th« 

ing censidas or surfactants can .e up to 50X 1 7 

tota: a.ount of surfactants in the co.p . LVLr ' " 

between Eero and 30X. Po»ition but is preferably 

The total a«ount of surfactants relative to 
carrier liquid is best in the range of O.oi to 25X bv 
quantities in the range o.S - s. are adva t age VclT: T 
alvay, tries to keep the a.ount of active substL T 
jectable solution as lov as possible th^ " 
xncroductlon of foreign .ate^l^^r ;. ^^^ 
C^ey are harmless and physiologically co-^at^bie ' 

Further optional additives to the surfactan;s include- 
aj substances which are known to provide a „.„»^? 
on llposo„es. for exa„pie. Phosphatid" Icl, ' , \ 
glycerol or dlcetyl phosphate; . ' " 

bj substances known to provide a positive chara« , 
Pie. stearyl a.ine. or stearyl a.lne acetatT 

c) auostancea knovn to AffAr«f- #.k^ w 

.„ . /rr::;. - 

taa and/or sterols aur^h *. «w . example. capro-Jac- 

d) substances known to have antlo»lrt-n^ 

antioxidant prooerties li. 

prove the chemical stabllitv of ^h• P'^^Percies to la- 

sion, w ataonity Of the components in the susoen- 

"""" BP-*- 5a.S75,. i„ ..cone . L ' r 

The present composition anv 

"ugn cne presence of such compounds la n«i. - 
ensuring stability to irh- compulsory for 

» ^i.oDj.xicy to the air or gas bubbles wirh 
pre.-int dispersions thev -r. »«i>bles with time m the 

10ns. they are advantageous to give some kind of 
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Do.y to the. solutions. «.en desired, the upper concentrations 
Of such additives vhen totally innocuous can be very high for 
instance up to eo - sox by velght of solution with lopa»,idol and 
other lodlnated X-ray contrast agents. However vith other vis- 
cosity enhancers ii,e for instance sugars, e.g. lactose 
sucrose, maltose, galactose, glucose, etc. or hydrophllic poly- 
-ers like starch, dextran. polyvinyl alcohol, polyvinyl-pyrroli- 
done. dextrin, xanthan or partly hydrolyeed cellulose oligomers 
aa veil as proteins and polypeptides, the concentrations are 
best between about I and 40X by weight, a range of about 5 - 20X 
being preferred. 

Llice in the prior art. the Injectable compositions of this 
invention can also contain physiologically acceptable electro- 
lytes; an example is an Isotonic solution of salt. 

The present invention naturally also Includes dry storable 
pulverulent blends which can generate the present mlcrobubble 
containing 1i»persions ..upon. simple admixing with water or an 
aqueous carrier Phase. Preferably such dry blends or formul- 
ations will contain all solid Ingredients necessary to provide 
the desired mlcrobubbles suspensions upon the simple addition of 
water, i.e. principally the surfactants m lamellar form con- 
taining trapped or adsorbed therein the air or gas required for 
mlcrobubble formation, and accessorlly the other non-film form- 
ing surfactants, the viscosity enhancers and stabilizers and 
possibly other optional additives. As said before, the air or 
gas entrappment by the laminated surfactants occurs by simply 
exposing said surfactants to the air (or gas) at room or super- 
atmospheric pressure for a time sufficient to cause said air or 
gas to become entrapped within the surfactant. This period of 
time can be very short, e.g. i„ the order of a -few seconds to a 
few minutes although over-exposure, i.e. storage under air or 
under a gaseous atmosphere is in no way harmful. What is impor- 
tant IS that air can well contact a, much as possible of the 
available surface of the laminated surfactant. i.e. the dry 
-aterlal should preferably be in a -fluffy- light flowing condi- 
tion. This IS precisely this condition which results from the 
freeee-drying of an aqueous solution of liposomes and hydro- 
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phllic agent as disclosed in US-a- 4,229,360. 

m general, the weight ratio of 'surfactants to hydrophuic 
viscosity enhancer i„ the dry formulations vlli be i„ the order 
Of 0.1,10 to 10:1. the further optional Ingredients, i, .„y 
hemg present in a ratio not exceeding 50X relative to the totai 
of surfactants plus viscosity enhancers. 

The dry blend for.ulatlons of this invention can be 
prepared by very simple methods. As seen before, one preferred 
method IS to first prepare an aqueous solution in which the fu. 
forming lipids are laminarieed, for instance by sonlcation. or 
using any conventional technique commonly used in the liposome 
field, this solution also containing the other desired 
additives. I.e. viscosity enhancers. non-fii« forming surfact- 
ants, electrolyte, etc.. and thereafter freeze drying to a free 
flovable povder which Is then stored in the presence of air or 
an entrappable gaa. 

The dry blend can be kept for any period of time in the dry 
state and sold as such. For putting it Into use. i.e. for pre- 
paring a gas or air microbubble. suspension for ultrasonic imag- 
ng. one simply dissolves a known weight of the dry pulverulent 
formulation In a sterile aqueous phase, e.g. vater or a 
Physiologically acceptable medium. The amount of powder will 
depend on the desired concentration of bubbles in the injectable 
product, a count of about 10* - lo^ bubbles/ml being generally 
that from making a S - 20X by weight solution of the powder in 
water. But naturally this figure Is only indicative, the amount 
Of bubbles being essentially dependent on the amount of air or 
gas trapped during manufacture of the dry powder. The manu- 
facturing steps being under control, the dissolution of the dry 
formulations will provide microbubble suspensions with well 
reproducible counts. 

The resulting microbubble suspensions (bubble in the o.s - 
10 pm range, are extraordinarily stable with time, the count 
originally measured at start staying unchanged or only little 
Changed for weeks and even months; the only observable change is 
a kin. Of segregation, th, larger bubbles (around 10 ,m, tending 
to rise faster than the small ones. " 
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It has also been found that the .icrobubbles suspensions of 
this invention can be diluted vith very little loss in the 
nu.ber o, .icrobubbles to be expected fro» dilution, i.e. even 
in the case of high dilution ratios, e.g. i/io2 to l/io^ the 
mlcrobubble count reduction accurately matches with the dilution 
ratio. This Indicates that the stability of the bubbles depends 
on the surfactant in la.ellar for. rather than on the presence 
Of stabilizers or viscosity enhancers like in the prior art 
This property is advantageous in regard to imaging test 
reproducibility as the bubbles are not affected by dilution with 
blood upon injection into a patient. 

Another advantage of the bubbles of this invention versus 
the microcapsules of the prior art surrounded by a rigid but 
brea.cable membrane which may Irreversibly fracture under stress 
1^ that When the present suspensions are subject to sudden 
pressure changes, the present bubbles will momentarily contract 
elastlcally and then resume their orlgin.i shape when the 
pressure is released. This is important in clinical practice 
vhen the mlcrobubbles are pumped through the heart and therefore 
are exposed to alternating pressure pulses. 

The reasons why the mlcrobubbles in this Invention are so 
stable are not clearly understood, since to prevent bubble 
escape the buoyancy forces should equilibrate vlth the retaining 
forces due to friction. I.e. to viscosity, it Is theorized that 
the bubbles are probably surrounded by the laminated surfactant 
Whether this laminar surfactant Is in the form of a continuous 
or discontinuous membrane, or evea as closed sphere, attached to 
the mlcrobubbles. is for the moment unknown but under investiga- 
tion. However the lack of a detailed knowledge of the phenomena 
presently involved does not preclude full industrial operabllity 
of the present Invention. 

The bubble suspensions of the present Invention are also 
useful in other -edlcal/dlagnostlc applications where it is 
desarable to target the stabilized mlcrobubbles to specific 
*ites in the body following their Injection, for instance to 
thrombi present in blood vessels, to atherosclerotic lesions 
(Plagues) i„ arteries, to tumor cells, as well as for the 
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diagnosis of .Uered surfaces of boOy cavities, e.g. ulceration 
s tes in the sto.ach or tu.ors of the bladder. For tMs. one can 
bind .onoclonal antibodies tailored by genetic engineering, 
-ntlbody fragments or polypeptides designed to .i.ic antibodies 
bioadhesive poly.ers. lectins and other slte-recognlzing .ole^ 
cules to the surfactant layer stabUieing the .Icrobubbles. Thus 
-onoclonal antibodies can be bound to phospholipid bllayers by 
the .ethod described by L.D. Leser.an. P. Machy and j. Barbet 
(■Liposome Technology vol. IIJ- p. 29 ed. by G. Gregorladls CRC 
Press 1984). in another approach a pal.itoyi antibody is first 
synthesized and then Incorporated in phospholipid bllayers 
olioving L. Huang, a. Huang and S.J. Kennel CLlposo.e Techno- 
logy vol. Ill- p. 51 ed. bye. Gregorladls. CRC Press 1984) 
Alternatively. son,e of the phospholipids used in the present 
invention can be carefully selected In order to obtain prefer- 
ential uptake in organs or tissues or Increased half-ii,e in 
blood. Thus GMl gangliosides- or phosphatldylinosltol-containing 
llposo.es. preferably in addition to cholesterol, vili lead to 
increased half-iifes in blood after intravenous ad.inistration 
in analogy vlth A. Gableon. D. Papahadjopoulos . Proc. Hatl Acad. 
SCI USA 85 (1988) 6949. 

The gases in the .icrobubbles of the present Invention can 
include, in addition to current Innocuous physiologically 
acceptable gases like CO^. nitrogen. H^O. .ethane, butane, freon 
and mixtures thereof, radioactive gases such as 133 ei 
«re Of particular interest m nuclear .edlclne for blood 
circulation .easure.ents. for lung scintigraphy etc. 

Jf"' 'oilo^'lng Ex..pies Illustrate the invention on a prac- 
tical stand point. 

Echooenie aeasureaenta . 

Echogenicity .easure.ents vere perfor.ed in a pulse - echo 
system .ade of a plexlglas specl.en holder (dia.eter 30 and 
- transducer holder L.ersed In a constant te.perature water 
f-th. a pulser-receiver (Accutron II3010S) vlth for the receiving 
part an external pre-a.pl if ler vlth a fixed gain of 40 dB and an 
internal amplifier with adjustable gain fro. -40 to mo dB. a 
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OHH> ,o.-p.„ ,nt.r ..5 .„„r»a .„ t». r.c..,l„s part ,„ 
«. . S.„ot.. St. .32. M...„r...nt. , 

3.5. 5 and 7.5 MHe. ' 
Exaaple ^ 

* JlpMo.. .olutlon (50 lifu, per .,, „. prep.rea in 
aistlllM vacer By the BCv ..ri.... , . 'Paroo in 

=r oy tno BEV utnod (see p. S£olie Jr. and D 
P.p.h.ojopo„lo.. Proc. ,.tl. Acd. SCI. us* 7S „„B, ,„.; 

Z17 r7'""" <«C « «. «.»er..„„ c»e.ie 

«• n. «. G.r..ny, end «lc.tylp>,o.pl,.t, i„ . r.tlo 

Tni. npo,o.. pr.p.r.tlo„ .„ extruded .t es-c (to e.ll„r.te L 

T.O .1 o, thl, .Olutlon .ere .d.l«d vlth s el of . 75, 

forced ...CI. end ,ort. tnrougn . t.o ayrlng. ,y»t.. „ 
d .Closed in .E.*-,se,l«. .Ml. ..int.l„.„, cLt.nuou.ly 

» tn. ,.r..tlon o^ . 
.u.p.„ ..„ o, .l=roBu..le. o. .ir m tn. ii,„id ,ioS.i.6 
per .1. Bu«l, .... i.,„ „,e.t...t.d .y ii,nt .icro.copy 
.»ieh ... "..I. ,or ,...r.l «our, .t roo. te.per.ture. ,M 
.u.p.„.i.n ,.v. . .crong .c». .l,„.i t..t.d ty ultr.,I" 

eel.ogr.pl.y at 7.5. 5, 3.5 .nd 2.25 mt. 

Example ^ 

A di.tuied ..ter solution (100 .1, containing by .eignt 2X 
o. hydrogenated ,oy. lecitnin and dlcetylpno.pn.!. in . 
-olar r.tl. ... .onlcted ,.r 15 .in at 6O-65.C .ith a .ranlo^ 
probe sonlfler (lyp, asO). "ran.on 

.0 oo^rind'^""'' «"".'-9.d for .5 .in .t 

. » T •»<. iactoae .dded to 

■•»a . 7.5X b... .Olutlon. T«. .olutlon ... pj.c.d in a ,i,nt 

I t"«rd. tb" ' "•■'"-'"•■»" "..""9 .be contelner. 
After,.rd,. tbe pressure ... r.le.sed suddenly ...raby a blgniy 
cone tr.ted bubble .uspenslon ... .btaln.d ,I,iO 
-bble,/.!,. Tb. .1.. dl.tr.butlon o, tb. bubble. L no.lr 
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vider than in Examoie t < . 

example 1. i.e. from about 1 to 50 um. Th* 

suspension vas very stable but after a few davs . 

occurred in the standing p.ase. tbe lar i: b^ .e IZZ'To 

concentrate in the upper layers of the suspension. ' 

Example 3 

into T"',' " """" ' 

u»a A.c. Buch,) i„ ,0 0/ Chloroform. The bead, ..re 

.t.o,pher.c pr.«„r. ,or . „ of ai.tuud 

«=ro»„b<,l« .a. Obtained ,hlch v« aho„„ to contain aoont 
bu«.„/.i .»er .....nation and.r th. .icro.cop.. Tn. 

I Hi."! '»■'"""•" "o-t 3 - s „. The a„,pena.on .a. 

Stable for several days at least. 

Example £ 

.ater* T,7™ "'""""""•=«>"P'>o'P'..t. .u.p.„,ion .„ 

Z..I. , " «..crlb.d in 

o, III r° " " •"••■»""•■> .«ed to , .1 

" ..t.r. The resultln, 

C0.pl. e .ublmatlon of the Ic. v.. obtained l„ . nour, 
Tbereafter. air preaaur. .„ watered In tb. evacuated conta „" 
ZllT «itb air in a 

T«e dry po.d.r ,a. then dla.ol.ed in 10 .1 of .t.rlle ,.ter 
under jentl. ..xm,. v„.„py . „crobdbble adapenalon ,lo»-lo' 
.icrobubb,., p.r .1. dyna.1. vl.co.lty < a. .Pa.., ... .ot.lned. 

.till n - ' " >»"">'" coJd 

atiu b. d.t.ct.d aft.r 2 .ontb. ...ndlnj. Thla .icrobubbl. 
aaapanalon . ,tron, re.pon.e in u.tra.on.c echojrapby U 

n thl. «..pie tb. aolduon la fr.a.n by .pr.yin, .„'..:": - 
to -'«'C to Obtain . froaon .now ln.t..d Of a .onolltnic blo« 
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and the snow ii. then evaporated under vacuum, excellent results 
are obtained. 

Example 5 

TWO .1 samples of the llposo.e solution obtained as 
described m Example 4 were mixed with 10 ml of an SX aqueous 
solution Of gelatin (sample 5A). human albumin (sample SB) 
dextran (sample 5C) and lopamidol (sample 5D). All samples were 
lyophllized. After lyophU lEatlon and Introduction of air the 
various samples were gently mixed with 20 ml of sterile water 
in ail cases, the bubble concentration was above 10^ bubbles per 
ml and almost all bubbles were below 10 p«. The procedure of the 
foregoing Example was repeated with 9 ml of the liposome pre- 
paration (450 mg of lipids, and only one ml of a - 5X human 
albumin solution. After lyophlUzatlon. exposure to air and 
addition Of sterile water (20 ml,, the resulting solution 
contained 2 x 10^ bubbles per ml. most of them below lo 

Example ^ 

Lactose (500 mg). finely auied to a particle size of 1-3 
was moistened with a chloroform (5 ml) solution of loo mg of 

dlmyrlstoylphosphatldylchollne/cholesterol/dlpaimltoylphosphatidic 
acid (from Fluka) in a molar ratio of 4:i:i and thereafter 
evaporated under vacuum in a rotating evaporator. The resulting 
free flowing white powder was rotated a few minutes under 
nitrogen at normal pressure and thereafter dissolved in 20 ml of 
sterile water, A mlcrobubble. suspension was obtained with about 
10 -10^ microbubbles per ml i„ the l-io ^. size range as 
ascertained by observation under the microscope. In this 
Example, the weight ratio of coated surfactant to water-soluble 
carrier was 1:5. Excellent results- (lo^-iofl mlcrobubbles/«i , are 
also Obtained when reducing this ratio to lower values l e 
down to 1:20. which will actually Increase the surfactant 
efficiency for the intake of air. that is. this will decrease 
the weight of surfactant necessary for producing the same bubble 
count . 
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Exanole 2- 

An aqueous solution containing 2x of hydrogenated soya 
lecithin and 0.4% of Pluronl^P68 (a non ionic polyoxyethylene- 
polyoxypropylene copolymer surfactant) vas sonicated as des- 
cribed m Exaople 2. After cooling and centrlfugatlon. 5 ml of 
this solution vere added to 5 ml of a 15X maltose solution in 
vater. The resulting solution vas frosen at -30«C and evaporated 
under 0.1 Torr. Then air pressure vas restored in the vessel 
containing the dry povder. This vas left to stand in air for a 
fev seconds, after vhlch it vas used to make a 10» by velght 
aqueous solution vhlch shoved under the microscope to be a 
suspension of very tiny bubbles (belov lo ^m); the bubble 
concentration vas in the range of 10^ bubbles per ml. This 
preparation gave a very strong response in ultrasonic echography 
at 2.25, 3.5. 5 and 7.5 HUz. 

Example ^ 

Tvo-diaensional echocardiography vas performed m an expe- 
rimental dog folloving peripheral vein injection of 0.1-2 ml of 
the preparation obtained m Example 4. Opacification of the left 
heart vlth clear outlining of the endocardium vas observed, 
thereby confirming that the microbubbles (or at least a signi- 
ficant part of them) vere able to cross the pulmonary capillary 
circulation. 



Example ^ 

A phospholipid/maltose lyophilieed povder vas prepared as 
described in Example 4. Hovever. at the end of the lyophl- 
lization step, a "Sxe containing gas mixture vas introduced in 
the evacuated container Instead of air. A fev minutes later, 
sterile vater vas introduced and after gentle ilxlng a micro- 
bubble suspension containing "Sxe in the gas phase vas pro- 
duced. This mlcrobubble suspension vas Injected into living 
bodies to undertake Investigations requiring use of ^^He as 
tracer. Excellent results vere obtained. 
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Example ^0 /compariin»^| 
•In lIS-A-4.900.540. Ryan et .1 disclose gas fiiiea 
for uurasonic investigations. Accordinn to t^' " 
nposomes are ,or«e. conventional -e si ^t. 
Of a gas or gas precursor in addition 

yaa precursor In the aqueous comDosltion . 
liposome core (col. 2. lines 15-27). 'orming the 

Uaing a gas precursor (bicarbonate) is detailed m p 
I and 2 o, the reference. Using an agueous c!r , 
gas for encapsulating the gas in th« i , " 

«yan et al) vlii r^gulr!"! 
3«ali bubbles, t.e. of sl.e sl.iiar or s.a xer ha„ tT 
the liposome vesicles. "aiier than the size of 

Aqueous media in vhlch air can be entrapped in the form 

round bottom fi*^v tk* % 

riasK. The solution af . 

dryness on a Hotavapor -.ereb/a . iV e "p^d^^^'^""' '° 

on "-allsof thenas.. . i^.,o;:^::\X^^^^^^ 

~tr""" — — ors.in lo nTt~ 
Keller et al (ibid) to generate air mlcrobubble, therein and ^he 
sonicated solution vas added to the flask n.nr ! " 
linirt w flask containing the film of 

lipid. Whereby hand aaitafmr. *w 

After standing for a wh<i*» 

remove from tha e-fri-- i-k ^ *^ "^'^ 

It was entrapped in the vesicles 

was also expected that during centrlfugatlon the air fi ^ ^ 
nposo.es would segregate to the surface by buo;a";. 

After centrlfugatlon the tubes were ejc*«in-H ^ 

were examined and showan > 
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Exaaple ^ fconnaranua j 

An injectable contrast composition was prepared according 
to Ryan (US.A-4.900.540. col. 3. Exa.ple 1,. Egg lecitMn 
(126 «g) and cholesterol (27 .g) were dissolved in 9 b1 of 
diethyiether. To the solution vere added 3 .1 of 0.2 »oUr 
aqueous bicarbonate and the resulting two phase systems was 
sonicated until becoming homogeneous. The mixture was evaporated 
in a fiotavapor apparatus and 3 »i of 0.2 molar aqueous 
bicarbonate were added. 

A 1 ml portion of the liposome suspension was Injected into 
the jugular vein of an experimental rabbit, the animal being 
under condition for heart ultrasonic imaging using an Acuson 
128-XP5 Ultrasonic imager (7.5 transducer probe for imaging the 
heart). The probe provided a cross-sectional image of the right 
and left ventricles (mld-paplliary muscle). After injection a 
light and transient (a few seconds) increase m the outline of 
the right ventricle was observed. The effect was however much 
inferior to the effect observed using the preparation of Example 
4. HO improvement Of the imaging of the left ventricle was noted 
Which probably indicates that the CO^ loaded liposomes did not 
pass the pulmonary capillaries barrier. 
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CLAIMS 

1. A composition adapted for Injection into the blood- 
stream and body cavities of living beings, e.g. for the purpose 
Of Ultrasonic echography, consisting of a suspension of air or 
gas mlcrobubbles m a physiologically acceptable aqueous carrier 
phase comprising from about 0.01 to about 20X by weight of one 
or more dissolved or dispersed surfactants, characterized m 
that at least one of the surfactants is a fii. forming sur- 
factant present in the composition at least partially in 
lamellar or laminar form. 

2. The composition of claim 1. characterised in that the 
lamellar surfactant is in the form of mono- or plurl-«olecular 

membrane layers. 

3. The composition of claim 1. characterleed in that the 
lamellar surfactant is in the form of liposome vesicles. 

4. The composition Of Claim 1. characterlEed m that it 
, essentially consists of a liposome solution containing air or 

gas mlcrobubbles developed therein. 

5. The composition of claim 4. characterized in ihat the 
size of most of both liposomes and mlcrobubbles is belov 50 ^« 
preferably belov 10 /im. 

6. The composition of claim 1. containing about lo^ - lo^ 
bubbles Of 0.5 - 10 p. slze/ml. said concentration shoving 
little or substantially no variability under storage for at 
least a month. 

7. The composition of claim 1. characterized in that the 
surfactants are selected from phospholipids Including the 
lecithins such as phosphatldlc acid. phosphatidyl -chol ine 
Phosphatldyl-ethanolamlne. phosphatldyl-serlne. phosphatidyl- 
glycerol phosphatldyl-mosltol. cardlolipm and sphyngomyel in. 

8. The composition of claim 7. characterized in further 
containing substances affecting the properties of liposomes 
selected from phosphatidyl-glycerol, dicetyl-phosphate. choles- 
terol, ergosterol. phytosterol. sitosterol, lanosterol. tocopte- 
rol. propyl gallate. ascorbyl palmltate and butylated hydroxy- 
toluene. 
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9. The coi.posuion of claim i. further confining dissolved 
viscosity enhancers or stabliuers selected fro. linear and 
cross-llnked poly- and ollgo-saccharldes . sugars, hydrophilic 
polyners and lodlnated compounds such as lopamidol in a weight 
ratio to the surfactants comprised between about 1:5 to loo-l 

10. The composition of claim 1. i„ which the surfactants 
comprise up to SOX by weight of non-lamlnar surfactants selected 
from fatty acids, esters and ethers of fatty acids and alcohols 
with polyols such as polyalkyiene glycols, polyalkylenated 
sugars and other carbohydrates, and polyalkylenated glycerol. 

11. A method for the preparation of the suspensions of 
claim 1. Characterized by the following steps: 

(a) selecting at least one film forming surfactant and con- 
verting It Into lamellar form; 

(b) contacting the surfactant m lamellar form with air or 
an adsorbable or entrappable gas for a time sufficient for that 
air or gas to become bound by said surfactant; and 

(c) admixing the surfactant In lamellar form with an aque- 
ous liquid carrier, whereby a stable dispersion of air or gas 
mlcrobubbles m said liquid carrier will result. 

12. The method of claim 11. m which step (c) is brought 
about before step (b). the latter being effected by introducing 
pressurized air or gas into the liquid carrier and thereafter 
releasing the pressure. 

13. The method of claim n. m which step (c) is brought 
about by gentle mixing of the components, no shaking being 
necessary, whereby the air or gas bound to the lamellar surfact- 
ant in step (b) will develop into a suspension of stable micro- 
bubbles. 

14. The method of claims 11 or 12. in which the liquid 
carrier contains dissolved therein stabilizer compounds selected 
from hydrosoluble proteins, polypeptides, sugars, poly- and 
oligo-saccharldes and hydrophilic polymers. 

15. The method of claim 11. m which the conversion of step 
(a) IS effected by coating the surfactant onto particles of 
soluble or insoluble materials; step (b) is effected by letting 
the coated particles stand for a while under air or a gas; and 
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step (c) 13 effected by adalxing the coated particles vith an 
aqueous liquid carrier. 

16. The .ethod Of Claim li. m which the conversion of step 
(a) IS effected by sonicating or ho.ogenlzing under high 
pressure an aqueous solution of fii. forming lipids this 
operation leading, at least partly, to the formation of 

liposomes. 

17. The method of claim 16. m which step (b) is effected 
by freeze-drymg the liposome containing solution, the latter 
optionally containing hydrophlllc stabllieers and contacting the 
resulting freeze-drled product with air or a gas for a period of 
time. 

18. The method of claims 16 and 17. in which the water so- 
lution Of film forming lipids also contains viscosity enhancers 
or stabilizers selected from hydrophlllc polymers and carbo- 
hydrates in weight ratio relative to the lipids comprised 
between l:S and 100:1. 

19. A dry pulverulent formulation which, upon dissolution 
in water, will form an aqueous suspension of microbubbles for 
ultrasonic echography, characterized in containing one or more 
film forming surfactants in laminar form and hydrosoluble stabi- 
lizers. 

20. The dry formulation of claim 19. in which the sur- 
factants in laminar form are in the form of fine layers deposit- 
ed on the surface of soluble or insoluble solid particulate 
material. 

21. The dry formulation of claim 20. in which the insoluble 
solid particles are glass or polymer beads. 

22. The dry formulation of claim 20. in which the soluble 
particles are made of hydrosoluble carbohydrates, polysaccha- 
rides, synthetic polymers, albumin, gelatin or lopamldol. 

23. The dry formulation of claim 19. which comprises 
freeze-drled liposomes. 

24. The use of the injectable composition of claim 1 for 
ultrasonic echography. 

25. The use of the injectable composition of claims l-io 
for transporting in the blood-stream or body cavities bubbles of 
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foreign gases, active therapeutically or dlagnostlcally. 

26. The composition of claim 4. m vhlch the surfactant 
comprises, bound thereto, bloactlve species designed for 
specific targeting purposes, e.g. for immobllieing the bubbles 
in specifically defined sites in the circulatory system, or in 
organs, or In tissues. 

27. The composition of claim <. in which the surfactant 
comprises, bound thereto, bloactlve species selected from mono- 
clonal antibodies, antibody fragments or polypeptides designed 
to mimic antibodies, bloadheslve polymers, lectins and other 
receptor recognizing molecules. 
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